REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


Public  reporting  burden  tor  tins  collection  or  iniormation  is  estimated  to  average  1  hour  per  response,  including  me  time  lor  reviewing  instructions,  searching  existing  data  sources, 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this 
collection  of  information,  including  suggestions  for  reducing  this  burden  to  Washington  Headquarters  Services,  Directorate  for  Information,  Operations  and  Reports,  1215  Jefferson 
Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  (0704-0188),  Washington,  DC  20503 


1 .  AGENCY  USE  ONLY  (Leave  Blank)  2.  REPORT  DATE  3.  REPORT  TYPE  AND  DATES  COVERED 

See  attached  list  in  final  Final 

report 


4.  TITLE  AND  SUBTITLE  5.  FUNDING  NUMBERS 

Final  Report  on  Numerical  Study  of  Rough  Surface  Scattering  Grant 

N00014-96-1-0215 


.  AUTHOR(S) 

Eric  I.  Thorsos 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Applied  Physics  Laboratory 
University  of  Washington 
1013  NE  40th  Stiuet 
Seattle,  WA  98105-6698 


9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

Dr.  Jeffrey  Simmen  (Code  3210A) 

Office  of  Naval  Research 
800  North  Quincy  Street 
Arlington,  VA  22217-5660 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


10,  SPONSORING/MONITORING 
AGENCY  REPORT  NUMBER 


13.  ABSTRACT  (Maximum  200  words) 


See  attached  list  in  final  report 


ft 


14.  SUbiECt  TERMS 

sea  surface  scattering,  rough  surfaces,  interface  roughness,  perturbation  theory,  Kirchoff  approximation. 

sediment  penetration,  critical  angle,  bubbles 

17.  SECURITY  CLASSIFICATION 

OF  REPORT 

18.  SECURITY  CLASSIHCATION 

OF  THIS  PAGE 

19.  SECURITY  tLASSIFICATibN 

OF  ABSTRACT 

Unclassified 

Unclassified 

Unclassified 

20.  LIMITATION  OF 
ABSTRACT 


Applied  Physics  Laboratory 

College  of  Ocean  and  Fishery  Sciences,  University  of  Washington 


12  October  1998 

To:  Dr.  Jeffrey  Simmen 

ONR  Code  3210A 
Ballston  Tower  #1 
800  N.  Quincy  Street 
Arlington,  VA  22217-5660 

From:  Eric  I.  Thorsos 

Subj:  ONR  Grant  NOOO 14-96- 1-02 15,  Final  Report 


Under  the  subject  grant  titled  “Numerical  Study  of  Rough  Surface  Scattering”  research  was 
conducted  on  rough  surface  scattering  using  an  exact  numerical  method  based  on  solving  an 
integral  equation.  Boundary  conditions  appropriate  to  both  sea  surface  and  sea  bottom  scattering 
were  employed.  Numerical  studies  were  used  to  examine  the  accuracy  of  approximations  used 
with  scattering  theory,  and  various  scattering  phenomena  were  examined  directly  with  numerical 
simulations  and  modeling. 

One  important  highlight  from  this  work  is  that  numerical  simulations  were  used  to  show  that 
roughness  at  the  water/sediment  interface  could  lead  to  significant  acoustic  penetration  into 
sediment  at  incident  grazing  angles  below  the  critical  angle.  This  work  played  an  important  part 
in  the  development  of  the  High  Frequency  Sediment  Acoustics  DRI  which  began  in  FY98.  As 
part  of  the  preparation  for  the  DRI  program,  I  chaired  an  ONR  DRI  Workshop  in  Monterosso, 
Italy,  in  July  1997. 

An  ONR  High-Frequency  Acoustics  Workshop  was  held  on  16-18  April  1996.  I  was  moderator 
for  the  workshop,  and  subsequently  completed  a  report  on  the  workshop  and  the  research  issues 
raised.  A  separate  contract  was  awarded  for  the  report  publication  (ONR  Grant  No.  NOOO  14-96- 
1-0841),  but  that  contract  mainly  covered  the  direct  publication  costs,  including  editorial 
support!  The  extensive  effort  required  to  develop  the  material  and  write  the  report  was  largely 
supported  by  the  subject  grant. 

In  addition  to  numerical  work  on  sea  surface  and  sea  bottom  scattering,  a  collaboration  continued 
during  the  contract  period  with  investigators  in  the  CST  program,  an  experimental  prograrn  in 
low-frequency  sea  surface  scattering.  That  work  has  also  been  supported  in  part  by  the  subject 
grant  and  documented  in  several  CST  white  papers. 
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Results  of  work  supported  by  the  subject  grant  are  described  in  the  following  publications,  which 
constitute  the  final  report. 

S.L.  Broschat  and  E.I.  Thorsos,  “An  investigation  of  the  small  slope  approximation  for  scattering 
from  rough  surfaces.  Part  II.  Numerical  studies,”  J.  Acoust.  Soc.  Am.  101, 2615-2625  (1997). 

E.I.  Thorsos,  D.R.  Jackson,  J.E.  Moe,  and  K.L.  Williams,  “Modeling  of  subcritical  penetration 
into  sediments  due  to  interface  roughness,”  in  High  Frequency  Acoustics  in  Shallow  Water 
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